Effective innovative systems testify to the success of regional economic policies. Based on the neoclassical approach novel approach towards evalution of regional innovation system functioning is suggested. In this study, the performance indicators of innovative systems in the regions of Kazakhstan are calculated using the non-parametric Data Envelopment Analysis (DEA) method for a convex model, with constant and variable effects of scale, focused on maximum outputs and minimum resource costs. The obtained results will facilitate providing recommendations for improving economic policy for the purposes of more efficient use of resources in regional innovation activities. Keywords: regional innovation development, Kazakhstan, efficiency of innovation systems, non-parametric optimization, Data Envelopment Analysis (DEA).
Introduction
Innovation is a basis of any modern economy and in any country including the development of innovative ideas, the creation of innovative technologies, launching of innovative products and services. The innovative basis of the economy allows to compete on the inter-regional, central and global markets. The wealth of experience has been gained in creating innovation systems at the country level and alliances/collaborations at the regional level in countries with established market economies. The system of methods for analysing the effectiveness of innovation activities of both individual enterprises and the regions as a whole has been developed and various measures are used to increase the use of resources for creating innovation. The countries with new economies are in different situation. One of them is the Republic of Kazakhstan. Despite the fact that according to the data of the Kazakhstan Statistics Agency, the GDP forthe last 8 years has increased 2.4 times since 2010 and 2017 (or 243.41%) , and the growth in the volume of innovative products produced is almost 6 times (or 594.19) %), the share of innovative products in the total volume of GDP has changed slightly from 0.65% to 1.59%. This level of growth is not sufficient to achieve the goal set by the President of Kazakhstan: to enter in the top 50 countries with developed economies. There is potential for achieving the goal: there are about 500 deposits with 1225 kinds of minerals in the country. It is about Kazakhstan known, that 99 elements can be mined out of 126 periodic table elements. Currently, the economy of Kazakhstan has a predominantly commodity profile and the main task is to diversify the economy, transfer it to an innovative industrial profile. Considering the large territory (9th place in the world by area of the country) and low population density (average density of just over 6.72 people per 1 square km), the role of regional centres is increasing not only as administrative centres, but also as centres of culture and innovation. The innovation of the region is the ability of the entire regional environment to adapt changes, as well as the presence of internal drivers of self-renewal of business processes and the generation of scientific and technical knowledge.
Sustainable development of the region and maintaining its competitiveness in the long term depends not only on resource capabilities (the so-called factors of the first nature), but on agglomeration effects, modernization and informatization processes, human capital (that is, factors of the second nature).
Unlike natural resources, the distribution of which across regions is impossible to change, the formation of factors of a second nature of the desired quality is a controlled process. In this regard, it is relevant to study the level of innovative development of the regions of Kazakhstan, the analysis of the effectiveness of the formation and functioning of the factors of innovative activity of the regions.
Efficiency is a complex property of any purposeful activity which shows the degree of achievement of the goal, taking into account the costs and time resources. To measure the effectiveness of the correlate the results obtained with the costs incurred. Usually, when analysing economic efficiency, traditional profitability indicators are used. However, this information is not enough for an objective assessment of how efficiently certain types of resources are used, how much the resource potential has been exhausted in various regions, how rational resource provision can affect the final results of innovation activities. Based on this, the present study uses the neoclassical approach within the framework of the concept proposed by Farrell (1957) , which explicitly or implicitly underlies the majority of work on economic efficiency, to assess the efficiency of using certain types of resources. In particular, it examines the technical efficiency of the use of production resources.
The purpose of the research is to determine the level of regional innovation development, evaluation the effectiveness of existing regional innovation systems and provide recommendations for improving economic policy for the purposes of optimal use of resources in regional innovation activities.
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Methodical approaches
The concept of technical efficiency in the use of production resources implies a comparison of objects (decision making units, DMU) according to the degree of their use of their resources. The best are taken as "reference", ensuring maximum output of products per resource unit. In our understanding, the most simple and clear methodological tools for determining technical efficiency were proposed in 1978 in their article by American scientists A. Charnes In science and research of developed countries, the Data Envelopment Analysis (DEA) method is quite well known and is used by such authors as Malmquist (1953) , Farrel ( There are a number of objects (DMU) -in our case, the regions of Kazakhstan, each of which is described by a set of inputs and outputs (resources and outputs). They are homogeneous in this respect.
Inputs are resources consumed by objects (in a general sense, what actors seek to reduce); Outputs are the outputs produced (in a general sense, what actors seek to increase); Efficiency -the ratio of inputs to outputs.
The system is represented as a black box (that is, the internal structure of the interconnections between inputs and outputs, the parameters of these interconnections are unknown). The solution consists in finding the most efficient objects and defining model (reference) objects and parameters for inefficient ones.
The essence of this method is as follows. Figure 1 shows the set of DMUs: P1, P2, P3, P4, P5, P6, which, using the same resource X, produce the product Y. The return of the resource for each DMU is determined by the ratio Yi / Xi. DMU P2 has the greatest return on the resource.
If, with an increase in the amount of the resource, its return in the reference DMUs does not decrease, then the reference DMUs will be on the OP2 line. This line is the border of production capabilities with a constant effect of scale -CRS (Constant Returns to Scale): if the input parameters change proportionally, the output parameters will change in the same proportion. But if, with an increase in the amount of a resource, its return changes, then the border between the P1, P2, P3, P4 points will act as the boundary of the production capabilitiesthe line on which the reference DMUs lie (point P1 corresponds to the regions with the least amount of resources). Capacity 
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with variable scale effect -VRS. This curve is the limit of production (Variable Returns to Scale). The technical effectiveness of DMUs lying on the shell (the boundary of production capabilities) is equal to one.
For DMU P5, which is under the envelope curve, the technical efficiency scores are determined as follows:
-net (local) efficiency is technical efficiency with a variable effect of scale, oriented maximum outputs (performance) -TEV0 = KP5 / KL or oriented minimum inputs (resources) -TEVI = AC / AP5. Net (local) technical efficiency reflects the efficiency of the DMU (quality of business processes); -total (global) efficiency is technical efficiency with a constant scale effect TEC = KP5 / KM; -scale efficiency = total efficiency / net efficiency. Scale efficiency reflects the adverse conditions in which the DMU operates. To understand the differences in the types of technical efficiency given above, it is necessary to take into account that efficiency is a complex property of any purposeful activity that manifests itself only in the process of the system functioning and reflects the degree of suitability of the system for its use for its intended purpose. In our case, we consider regional innovation systems as a system, and the intended purpose is to increase the level of innovation development (innovation) of the region.
The effectiveness of the system is determined by factors that can be divided into: -internal factors characterizing net or local efficiency -quality of management, quality of business processes functioning, quality of resources used; 
502
-external factors that characterize the overall or global efficiency -the structure of the system, the technology used functioning; -environmental factors characterizing the effectiveness of scale -conditions of the system's functioning: geographical location, climatic conditions, legislative, budgetary and tax restrictions, etc.
Thus, depending on the obtained results of the calculation according to the DEA methodology, it is possible to localize the problem area of the functioning system (region, DMU) and develop targeted measures to eliminate or level out negative factors affecting the efficiency of the system (DMU).
There are also other attractive properties of the DEA method: -allows to calculate one aggregated -scalar -indicator for each object; -can simultaneously process many inputs and many outputs, each of which can be measured in different units of measure; -allows to take into account external variables in relation to the system under consideration -environmental factors; -does not require an priori indication of weights for variables corresponding to the input and output parameters when solving the optimization problem; -does not impose any restrictions on the functional form of the relationship between inputs and outputs; -allows, if necessary, to take into account the preferences of managers regarding the importance of certain input or output variables; -makes specific assessments of the desired changes in the inputs / outputs that would allow the inefficient objects to be brought to the efficiency margin; -forms the Pareto-optimal set of points corresponding to efficient objects; -focuses on identifying examples of so-called best practice (best practice), and not on any average trends, such as regression analysis.
DEA method limitations
This method does not contain restrictions related to the functional form of the model, the only requirement of the DEA-models is that all the results obtained fall either on or below the effective boundary. Otherwise, the researcher will face mixed, rather than technical efficiency, an element of which will be structural inefficiency (that is, with a given structure and the proportions of input resources, this sampling unit cannot achieve efficiency).
The specificity of the DEA method is that it is illegal to compare the results by time series, that is, it is impossible to identify the trend in DMU performance indicators by years, but it is possible to compare the values of indicators for different DMUs in a fixed year. This limitation is due to the method of DEA-simulation, namely the pairwise comparison of each DMU with each other, which shows that the evaluation of DMU effectivity may be different in different periods are not due to the fact that DMU optimized or worsened his attitude "output -input", but because of the fact other DMU changed their "output -input".
Main results of the research
For the calculation in this study, the publicly available version of the DEAP program was used (http://www.uq.edu.au/economics/cepa/deap.php ).
Evaluation of the effectiveness of the innovation system of the regions of Kazakhstan included evaluation for 4 inputs and 4 outputs. The actual values of the indicators are given in table 1. The results of the calculations of the input-oriented model are given in Table 2 . Recall that the goal of the inputoriented model is to minimize the input parameters, while the output parameters must either remain at the initial level or increase. The model with constant returns to scale is more stringent and imposes serious additional restrictions. It is natural that the average value of technical efficiency, calculated by this model, equal to 0.89, is significantly lower than that calculated by the variable effect of scale, which was 0.98. The scale efficiency, which characterizes the ratio of efficiency, calculated by a constant effect of scale, to efficiency by a variable effect, is on average 0.9. The share of innovation systems in the regions of Kazakhstan that formed an effective front ("reference" regions), with constant and variable scale effects, was, respectively, 63% and 88%. Consequently, if we evaluate technical efficiency oriented at minimizing resource costs by a less rigid model (with a variable effect of scale), then we can assume that 12% or 2 regions can improve their performance by reducing resource costs. Parameters of technical efficiency, focused on maximizing production (in our case -the results of innovation) are listed in Table. 3. The goal of the output-oriented model is to maximize the output parameters, while the input parameters should remain either at the initial level or decrease. 
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The share of regions that have formed an effective front ("reference" regions), with a variable effect of scale, was 88%. Therefore, it can be assumed that 12% or 2 regions can improve the performance of their activities by increasing the results of innovation activities.
Discussion
Evaluating the results, we note the following: the regions of Kazakhstan have significant reserves for improving the efficiency of innovation activities. For example, the average efficiency factors of using the production potential, determined for each of the three models, are respectively 0.89, 0.986 and 0.977. At the same time, the scale efficiency was 0.9 for the minimum-oriented model, and 0.91 for the maximum-oriented model. This means that on average, the regions of Kazakhstan have realized their innovative potential by no more than 90% and 91%, respectively.
When comparing the results of both models, it can be noted that the locally inefficient regions in both models are the same in the Akmola and Aktobe regions equally poor quality of the resources involved in innovation activity (expensive and / or low productive resources) and poor quality of business process management. In this situation, it is necessary to recommend reviewing the current structure and infrastructure of the regional innovation system, to consider the principles and management technologies in the reference regions.
According to the authors of the study, when developing recommendations for regional economic policy, it is necessary to rely on the results of the exit-oriented model. This choice is due to the fact that out of the four inputs (resources) considered, only one represents expenses in monetary form (R & D costs), the other three resources are already existing objects (infrastructure facilities, research organizations, research teams), whose reduction only will increase social tensions in the regions. In this situation, it makes sense to set the task not to reduce resources, but to increase the efficiency and effectiveness of their functioning. When choosing between the models of СRS and VRS, one should prefer the variable of the model of VRS, since the relationship among numbers of researchers and the quality and volume of their work will be non-linear.
Based on these assumptions, we consider the recommended target values for two regions -Akmola and Aktobe regions (Tables 4 and 5 ). 
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The standards for this region will be the North Kazakhstan (0.068), Kostanay (0.402) and Almaty (0.265) regions. In parentheses are the weights of the influence of the reference region to achieve the effectiveness of the region in question. For the Aktobe region, as a result of the model calculation, recommendations were given not only to increase outputs, but also to reduce inputs 2 (R & D and innovation costs) and 4 (innovation infrastructure facilities). The standards for this region will be the North Kazakhstan (0.484), Karaganda (0.0288) regions and Almaty (0.0001). In parentheses are the weights of the influence of the reference region to achieve the effectiveness of the region under consideration.
Using the obtained target values of inputs and outputs, as well as having studied the experience of the reference regions, the regional administration and the local business community can develop a set of measures to enhance and increase the efficiency of innovation activities, which will not only increase the competitiveness of regions, but also as a result improve the quality of life of the population.
Conclusions
Currently, the economy of Kazakhstan has a predominantly commodity profile and the main task is to diversify the economy, transfer it to an innovative industrial profile. One of the ways is to increase the efficiency of regional innovation activities. Analysis of the efficiency of resource use and the effectiveness of innovation processes will help identify problem areas and formulate economic policy measures to increase the level of innovative development of the regions of Kazakhstan.
